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Abstract. The element diffusion, described by Michaud (1970), is now recognized to occur
in all kinds of stars. We attempt to give evidence of signatures of helium diffusion below
the convective zone by the way of asteroseismology.
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Under the opposite effects of gravitation
and thermal settling on the one hand, and
radiative acceleration on the other hand, the
various elements undergo relative separa-
tion. In solar-type stars, the outer convective
layer let helium falling down during the
evolution on the main sequence, enhancing
the helium gradient below the convective layer.
We compute models, with masses from 1.1
M⊙ to 1.5 M⊙, using the Toulouse-Geneva evo-
lution code. We compare couples of models,
observationally identical, i.e. with the same ex-
ternal parameters (Teff, L, chemical composi-
tion), but in each couple element diffusion is
introduced in one of the models, not in the
other. This calibration is achieved by adjusting
the two free parameters of the stellar evolution
code: the initial helium abundance Y0 and the
mixing length parameter α. For each couple,
the two models lie at the same point in the HR
diagram.
Figure 2 displays the helium profiles and
the gradients of the sound velocity in the mod-
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Fig. 1. Hertzprung-Russel diagram of evolu-
tion of models with (solid lines) and without
(dashed lines) diffusion for different masses
els with (solid lines) and without (dashed lines)
diffusion for 1.3 M⊙ at the crossing point of
the two tracks in the HR diagram, as a func-
tion of the acoustic depth, i.e. the time needed
for the acoustic waves to travel between the
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Fig. 2. Helium profile (a) and gradient of the
sound velocity (b) in the models with (solid
lines) and without (dashed line) diffusion for
1.3 M⊙ at the crossing point of both tracks in
the HR diagram, as a function of the acoustic
depth.
surface and the considered region. In the for-
mer the helium gradient due to the diffusion is
clearly seen. In the latter, the features around
700 s are due to the helium ionisation zones
and the bottom of the convective zone lead to
characteristic features at t = 2400 s.
The partial reflections of the pressure
waves on the regions of rapid variations in the
sound velocity, such as the base of the convec-
tive zone or the helium ionisation zone, mod-
ulate the computed frequencies of the stellar
spectrum. In the Fourier transform of the “sec-
ond differences” (Gough (1990)) of the dif-
ferent models, the position of the peaks cor-
respond to the modulation periods, which are
equal to twice the acoustic depth.
We present here results for models of
1.3 M⊙. Other masses will be studied in a
future paper (Castro et al. (2006)). In Figure
3, the peak due to the helium ionisation zone
decreases in amplitude during the evolution,
because of the decrease in helium concen-
tration in the convective zone due to the
diffusion. The peak due to the base of the
convective zone undergoes a strong increase
of amplitude due to the strong reflection of the
pressure waves on the steep helium gradient at
the moment when the convective zone sinks.
Then, helium dilutes in the convective zone
and the amplitude of the peak decreases.
Fig. 3. Second differences (first column),
Fourier transform of the second differences
(second column) and helium profile (third col-
umn) of 1.3 M⊙ at 0.5 Gyrs, 1.2 Gyrs, 2.2 Gyrs
and 2.6 Gyrs.
We studied the effect of helium diffusion on
the second differences, which clearly show a
gradient below the base of the convective zone.
In future works, it would be interesting to in-
troduce the radiative accelerations on metals,
which can lead to metal accumulation in spe-
cific stellar layers, in the models and to take
into account the different mixing processes.
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